Abstract Optimization for the spray-drying of pitaya peel (Hylocereus polyrhizus) was carried out using the central composite design (CCD) of the response surface methodology to study the effect of inlet air temperature (155-175°C), outlet air temperature (75-85°C), and maltodextrin DE10 concentration (8-22% w/w) on the pitaya peel powder characteristics. Spray-dried pitaya peel powders had high betacyanin retention and low water activity and had desirable color, solubility, and hygroscopicity properties. Significant (p<0.05) response surface models with high coefficients of determination values (R 2 > 0.85) ranging from 0.896 to 0.979 fitted for the experimental data were obtained. The linear term of maltodextrin concentration was found to be the most significant (p<0.05) variable influencing the powder characteristics, and the outlet temperature had the least effect. The overall optimum region for the spray-drying of the desirable pitaya peel powder was predicted at a combined parameter of inlet air temperature at 165°C, outlet air temperature at 80°C, and maltodextrin DE10 at 15% (w/w).
Introduction
Red Pitaya (Hylocereus polyrhizus) is widely grown in Malaysia, Thailand, Vietnam, and Taiwan due to its increased popularity as a dessert fruit and as a source of health benefits. However, the peels of pitaya fruit are presently discarded during processing. This variety of pitaya peel contains a high amount of betacyanin pigment, pectin, and fiber with a good insoluble-to-soluble ratio (Jamilah et al. 2011) . Pitaya peel has antioxidant capacity and antiproliferative effect (Wu et al. 2006; Stintzing et al. 2002 ) and a potential source of natural colorants and thickening agent (Harivaindaram et al. 2008; Phebe et al. 2009 ) or as a moisturizer in cosmetic products (Stintzing et al. 2002) . Therefore, to convert the peel into an easily handled ingredient such as a powder form is beneficial. The potential application of this peel powder which is rich in dietary fiber and betacyanin is very wide. It can be added into various types of foods and beverages system, such as tea and dairybased drinks, ice-creams and yoghurt, fruit-based drinks, breads, health bars, and sauces. Due to its beautiful purplish red color, it can also be used as natural colorant in foods.
Spray-drying is commonly used in the food industry, and the quality attributes of the powder produced are dependent on the drying parameters and the character of the food material. The feed flow rate, inlet and outlet air temperature, atomizer speed, feed concentration, feed temperature, and inlet air flow rate are those important factors in a spray-drying process (Chegini and Ghobadian 2005) . However, feed temperature, inlet, and outlet air temperatures are the most effective factors in spray-drying that must be optimized (Liu et al. 2004) . Although several encapsulating agents are commercially available, maltodextrin is the most used encapsulating agent for sensitive flavor and pigment, which also increases the powder yield and reduces the powder stickiness (Cai and Corke 2000) .
Reports on spray-drying of fruit product with maltodextrin are numerous, such as that of aril fruit (Kha et al. 2010) , cactus pear (Rodríguez-Hernández et al. 2005; Moßhammer et al. 2006; Obon et al. 2009 ), watermelon (Quek et al. 2007 ), black carrot (Ersus and Yurdagel 2007) , pineapple (Abadio et al. 2004) , and mango (Cano-Chauca et al. 2005 ). However, spray-drying of pitaya peel has not been reported. Therefore, we attempted to optimize the spray-drying of pitaya peel with the objective of producing a powder with acceptable characteristics and containing relatively high betacyanin content.
Materials and Methods

Pitaya Peel
Pitaya peel was obtained from red pitaya fruits (H. polyrhizus) of commercial maturity (fruit was harvested after 35-40 days of anthesis) with an average weight of 350-550 g each, which was purchased from a local plantation (Melaka, Malaysia) . Maltodextrin DE10 was supplied by San Soon Seng Food Industries Sdn. Bhd. (Selangor, Malaysia) , and other chemicals and solvents were purchased from Fisher Scientific (Leicestershire, UK) and were of analytical grade.
Preparation of Feed Mixture
Fresh pitaya fruits were washed and peeled manually. The peel was collected and homogenized at high speed by grinding 1 kg of peel in 2.5 L distilled water in a Waring blender for 1 min. Water was added to reduce the viscosity of the peel puree. Subsequently, the homogenized puree was filtered through a piece of muslin cloth, and maltodextrin DE10 was added to the filtrate. The mixture was then stirred to homogeneity using T25 basic lab homogenizer (IKA-WERKE, Germany) at 9,500 rpm until all added maltodextrin had been dissolved. The mixture was then held away from light at room temperature for 60 min to ensure homogeneity of feed prior to spray-drying.
Spray-Drying
The homogenized feed was spray-dried in a pilot-scale rotary atomizer-type spray dryer (Niro A/S, GEA, Germany) at a speed of 15,000 rpm. The dryer was operated at 900 m 3 / min air flow rate, and feed temperature was kept at 40°C. Spray-drying was carried out according to the generated experimental design obtained from response surface methodology (RSM) ( Table 1 ). The feed mixtures containing maltodextrin were stirred constantly during spray-drying to ensure its homogeneity. Spray-dried peel powders were collected and sealed in an aluminium bag and stored at room temperature (25°C) in a desiccator prior to analysis.
Experimental Design
For this study, RSM was used to evaluate the effect of three independent variables, namely inlet air temperature (155-175°C, x 1 ), outlet air temperature (75-85°C, x 2 ), and maltodextrin (DE10) concentration (8-22% w/w, x 3 ) on color [Hunter L (Y 1 ) and Hunter a (Y 2 )], hygroscopicity (Y 3 ), moisture content (Y 4 ), water activity (Y 5 ), solubility (Y 6 ), and betacyanin content (Y 7 ) of spray-dried pitaya peel powder. These variables were chosen as they represented the most relevant parameters for the pitaya powder. All experiments were carried out in triplicate. Twenty experimental runs were generated based on the central composite design (CCD), with three independent variables at five levels for each variable (Table 1) . Experiments were randomized, and the center point was repeated six times.
Physicochemical Properties
The properties measured were as described in the following sections. For all analysis, at least triplicate readings were taken for each sample.
Color Measurement (Y 1 and Y 2 )
A pre-calibrated Hunter Lab UltraScan PRO Spectrocolorimeter (Hunter Associate Laboratory Inc., Reston, USA) was used to measure the color of the powders for "L" (lightness; 00black, 1000white), "a" (−a0greenness, +a0 redness), and "b" (−b0blueness, +b0yellowness) values. The illuminant used was D 25 and a standard white plate (no. C222951), having reflectance values of X081.17, Y0 83.27, Z097.59, was used as a reference. Spray-dried peel powder was uniformly packed in a 5×5 cm glass optical cell with 1 cm light path length, and the cell was placed at the reflectance port of the colorimeter for reading. The glass cell was gently tapped to ensure uniform packing of the powder.
Determination of Hygroscopicity (Y 3 )
Hygroscopicity of pitaya peel powder was determined according to Cai and Corke (2000) . A total of 2 g of peel powder was weighed into a pre-weighed Petri dishes and placed in an airtight desiccator filled with saturated solution of Na 2 SO 4 (81% RH) at 25°C for 1 week. The hygroscopicity of the peel powder was then calculated by weight difference.
Determination of Moisture Content (Y 4 )
The moisture content of the peel powder was determined by the method of AOAC (2007) . The percentage weight loss (%) of the powder after oven-drying until constant weight was obtained and calculated as the moisture content of the stored powder.
Water Activity Analysis (Y 5 )
The water activity (aw) of the stored peel powder was measured using a pre-calibrated water activity meter (Aqua lab, Model CX2, Decagon Devices, Pullman, WA) according to the manufacturer's manual.
Determination of Solubility (Y 6 )
The solubility of the stored peel powder was carried out according to Cano-Chauca et al. (2005) . The peel powder was weighed and homogenized by grinding 1 g of powder in 100 ml of distilled water in the Waring blender for 5 min at high speed. The solution was then centrifuged at 3000×g for 10 min. An aliquot of 25 ml of the supernatant was transferred to pre-weighed Petri dishes and oven-dried at 105°C overnight. The solubility (%) was calculated by weight difference.
Determination of Betacyanin Retention (Y 7 )
Betacyanin content of spray-dried pitaya peel powder was quantified according to Wybraniec and Mizrahi (2002) . Spray-dried peel powder was weighed and diluted with
McIlvaine buffer (pH 6.5) to reach an absorption value of 1.0±0.1. Diluted sample was filtered before performing spectrophotometric measurement. Quantification of betacyanins was carried out by the following equation:
Þ where A was the absorption value at 538 nm corrected by the absorption at 600 nm; DF was the dilution factor; MW was molecular weight of betanin (550 g/mol); V was the pigment solution volume (milliliters), ε was the molar extinction coefficients of betanin (60,000 Lmol
L was the path length of the cuvette, and W was the weight of pigment powder (grams).
Statistical Analysis
Analysis of variance and regression surface analysis were conducted to define the statistical significance of model terms and fit a regression relationship relating the experimental data to the independent variables. Only terms found statistically significant (p<0.05) were included in the final reduced model. The terms which were statistically non-significant (p>0.05) were dropped from the initial models, and the experimental data were refitted only to significant (p<0.05) independent variable effects to obtain the final reduced model (Mirhosseini et al. 2009 ). The generalized polynomial model proposed for predicting the response variables as function of independent variables is given as the following:
where Y i was the response value predicted by the model; β 0 was a constant; β 1 , β 2 , and β 3 were the regression coefficients for linear effect terms; β 11 , β 22 , and β 33 were quadratic effects; and β 12 , β 13 , and β 23 were interaction effects. In this model, x 1 , x 1 , and x 1 were the independent variables. The experimental design matrix, data analysis, and optimization procedure were performed using the Minitab (Version 14) statistical package (Minitab Inc., PA, USA).
Optimization of Spray-Drying Parameter and Validation Procedures
In the present study, both numerical and graphical multiple optimization procedures were carried out using Minitab software to determine the optimum region of inlet air temperature, outlet air temperature, and maltodextrin concentration (DE10) resulting in the overall response goals. For numerical multiple optimizations, response optimizer was used to determine the combination of input variable settings that jointly optimized a set of responses, either with weight or equal weight. Through these optimization procedures, a combined level of spraydrying parameters was obtained to produce a spray-dried powder with desirable powder properties (i.e., the highest betacyanin retention, Hunter a value and solubility, and the least content of moisture, A w , hygroscopicity value, and Hunter L value). As for graphical optimization procedure, threedimensional response surface plots and overlaid contour plot were drawn for better visualization of the final reduced models. In order to verify the adequacy of final reduced models, two-sample t test was carried out to compare the experimental and predicted values for validation procedures. Close agreement and no significant difference must exist between the experimental and predicted values.
Results and Discussion
Fitting the Response Surface Model to Significant Independent Variables Table 1 shows the experimental data obtained for each response variables. The linear, quadratic, and interaction effects of inlet air temperature (x 1 ), outlet air temperature (x 2 ), and maltodextrin DE10 concentration (x 3 ) on each response variable (Y i ) of spray-dried peel powder are shown in Table 2 . The estimated regression coefficients for the response variables with their corresponding R 2 , R 2 (adj), F-value and p value of lack of fit are also given in Table 2 . The individual significance F-ratio and p-value of independent variables are shown in Table 3 . The results indicated that the response surface models were significantly (p< 0.001) fitted for all studied response variables (Table 2) , and high coefficients of determination (R 2 >0.85) were achieved for all polynomial regression models. Thus, more than 85% of the response variation could be accurately explained as function of the three independent spraydrying parameters selected.
Physico-chemical Properties
Hunter L (Y 1 ) and Hunter a (Y 2 ) Values
The color of spray-dried pitaya peel powder can be described as purplish-red and constituted toward attractive quality attribute. In this study, only Hunter L (brightness) and Hunter a (redness) values were selected due to the red color of pitaya peel powders. As shown in Tables 2 and 3, the main effect and quadratic effect of maltodextrin concentration, as well as main effect of inlet air temperature had exhibited a positive linear significant (p<0.05) effect on Hunter L (Y 1 ) value, but it was negatively associated with the linear effect of outlet air temperature, which appeared to be significant (p<0.05). This result indicated that the higher the maltodextrin concentration and inlet air temperature, the greater was the increment of Hunter L value of the spray-dried peel powder. Similar trend was observed by Cai and Corke (2000) where higher spraydrying air temperature gave higher drying rate and higher powder productivity but resulted in more color loss. Interaction effect was not detected for Hunter L response.
Hunter a (Y 2 ) value exhibited both linear and quadratic effects of maltodextrin concentration significantly (p<0.05). The negative quadratic term of maltodextrin concentration was observed to have higher F-ratio and a lower p-value compared with its positive linear effect. This higher F-ratio may suggest that the quadratic term of maltodextrin was more dominant in affecting the Hunter a value of pitaya peel powder.
Maltodextrin exhibited significant effect (p<0.05) on both Hunter L and a color values of the spray-dried pitaya peel powder. Since pitaya peel was purplish-red and maltodextrin was white in color, therefore, the color profile of these two mixtures was expected to vary with their percentage proportions. The increasing concentration of maltodextrin resulted in the increase of Hunter L value and subsequently decreased the Hunter a value of the spraydried pitaya peel powder. A similar observation was reported by Sablani et al. (2008) on date powder. The color changes of spray-dried fruit powders due to the addition of maltodextrin was also noted by other researchers such as in 663 -x 1 , x 2 , and x 3 : the main effect of inlet temperature (°C), outlet temperature (°C), and maltodextrin (% w/w), respectively x 1 2 , x 2 2 , and x 3 2 : the quadratic effect of inlet temperature (°C), outlet temperature (°C), and maltodextrin (% w/w), respectively
x 1 x 2 , x 1 x 3 , and x 2 x 3 : the interaction effect of inlet temperature (°C) and outlet temperature (°C); the interaction effect of inlet temperature (°C) and maltodextrin (% w/w); the interaction effect of outlet temperature (°C) and maltodextrin (% w/w), respectively a Not significant at p<0.05 spray-dried guava powder when maltodextrin exceeded 40% (Chopda and Barrett 2001) and spray-dried watermelon powder when maltodextrin exceeded 10% (Quek et al. 2007 ). Besides linear and quadratic terms of maltodextrin concentration, Hunter a value also showed inverse relationship to the interaction effect of maltodextrin concentration and inlet air temperature. The main linear effect of inlet air temperature was not statistically significant (p>0.05) on the Hunter a value of pitaya peel powder (Table 3) . Nevertheless, the Hunter a value was significantly (p<0.05) affected by the interaction between the inlet air temperature and the maltodextrin concentration. Therefore, it should also be kept in the final reduced model fitted for Hunter a value. The three-dimensional response surface plot was drawn to visualize the significant (p<0.05) interaction effect of inlet air temperature and maltodextrin concentration on the Hunter a value (Fig. 1a) .
Hygroscopicity (Y 3 )
Generally, powder with lower hygroscopicity, moisture content, and caking degree and higher solubility was considered as a good powdered product. Goula and Adamopoulos (2008) suggested that added maltodextrin was capable of improving powder hygroscopicity, caking, and solubility. In our study, peel powder's hygroscopicity (Y 3 ) was negatively affected (p<0.05) by the linear effect of both maltodextrin concentration and inlet air temperature (Tables 2 and 3 ).
The fast removal of moisture during spray-drying resulted in an amorphous and highly hygroscopic powder (Senoussi et al. 1995) , which readily absorbed moisture when exposed. Roos (1993) attributed the hygroscopicity changes to the glass transition temperature (Tg). The higher the Tg of powder, the lower the powder hygroscopicity. According to Roos, increases in inlet air temperature and maltodextrin concentration lead to higher powder Tg and hence helped to lower hygroscopicity. In our study, pitaya peel powders produced at higher maltodextrin concentration were less hygroscopic, which could be due to the less hygroscopic nature of maltodextrin DE10. (Table 1) . These values were lower than those obtained by Rodriguez-Hernandez et al. (2005) and Cai and Corke (2000) in their studies on spray-dried cactus pear juice powder (36.32-48.93%) and spray-dried Amaranthus powder (44.6-49.5%), respectively.
Inlet air temperature considerably influenced the powder's hygroscopicity. Increasing inlet temperature resulted in decreased powder hygroscopicity and increased flowability. Similar observation was reported by Adamopoulos (2010, 2008) ; Moreira et al. (2009), and Jaya and Das (2004) . The improved flowability of the powders produced at higher temperatures can be attributed to their lower moisture contents, since higher moisture contents could impair flowability (Fitzpatrick 2005) . Moreira et al. (2009) reported that higher powder hygroscopicity of the powders produced at lower temperatures seems to be related to their higher moisture content. Moisture content had a prominent effect on powder stability. A small amount of water was capable of depressing the Tg and increasing the matrix mobility, thus powder became more hygroscopic.
Moisture Content (Y 4 )
The moisture content of spray-dried pitaya peel powders varied from 2.23% to 4.41%. As shown in Tables 2 and 3 variables significantly (p<0.05). Result indicated that the higher the inlet/outlet air temperature and maltodextrin concentration, the lower the moisture content of the spray-dried peel powder. At higher inlet air temperatures, there was a greater temperature gradient between the atomized feed and the drying air, resulting in a higher rate of heat transfer for water evaporation, thus producing low-moisture powders ( (2000) while working with spray-dried nopal mucilage powder, Gac fruit powder, watermelon powder, black carrot powder, cactus pear juice powder, orange juice powder, tomato powder, and Amaranthus pigment powder, respectively. However, there was a greater possibility for pigment degradation to occur if excessive spray-drying temperature was applied. In a spraydrying system, the moisture content of powder produced was also affected by the air temperature that left the drying chamber (exhaust) beside inlet temperature. Therefore, with an increase in the outlet air temperature, the moisture content in the powders decreased. Moisture content of pitaya peel powder had inverse relationship with increasing maltodextrin concentration, which was also reported by others. Addition of maltodextrin into feed prior to spray-drying increased the total solid content in feed and thus reduced the amount of free water for evaporation. Consequently, the hygroscopicity of the final powder was reduced, thus resulting in lower powder moisture content (Abadio et al. 2004; Goula and Adamopoulos, 2004) . We noted that spray-drying of this pitaya peel powder had not been successful without prior addition of maltodextrin, which reduced powder stickiness and help the retention of betacyanin pigment and other functional properties.
Water Activity, aw (Y 5 ) Cai and Corke (2000) suggested that water activity of pigment powders was one of the most important factors affecting the stability of betacyanin. The pitaya peel powders produced were microbiologically safe as the water activity of the powder were in the range of 0.23-0.38 (Table 1 ). The linear effects of independent variables on water activity of pitaya peel powder showed the same effect as their effects on moisture content of the powder. All the linear effect variables exhibited a significant (p<0.05) negative effect on water activity of spray-dried pitaya peel powder (Tables 2 and 3 ). Neither the quadratic nor the interaction effects were detected in this model.
Results showed that the water activity of the spray-dried peel powder in this study decreased with increasing maltodextrin concentration and higher outlet/inlet air temperature. Tonon et al. (2011) reported that water activity decreased with increasing drying temperatures for spray-dried acai powder, while Quek et al. (2007) reported that higher concentration of maltodextrin did decrease the water activity of the spray-dried watermelon powders, but not for inlet temperature between 145°C and 175°C.
Solubility (Y 6 )
Higher solubility values are very desirable in powders. As shown in Table 2 , the solubility value (Y 6 ) of pitaya peel powder was directly proportional to the main effect of inlet air temperature, outlet air temperature, and maltodextrin concentration significantly (p<0.05). Both the main effects of inlet and outlet air temperatures had the higher F-ratio value (Table 3) , hence indicating that drying temperatures had more dominant effect on the powder solubility. Neither the quadratic nor the interaction effects was detected among the studied parameters.
Solubility of pitaya peel powder showed an increase with an increase in drying temperature. Higher spray drying temperature tend to reduce the moisture content of powder and thus the powder was more soluble. Similar observation was reported by Goula and Adamopoulos (2008) on spraydried tomato pulp powder. Solubility values of spray-dried peel powders obtained in this study were relatively high (90.88-94.83%). These values were comparable to those obtained by Moreira et al. (2009) for spray-dried acerola pomace extract powder. The addition of maltodextrins seemed to improve the solubility of pitaya peel powder, which may be attributed to the fact that maltodextrin has superior water solubility (Goula and Adamopoulos 2008) . Both Grabowski et al. (2006) and Cano-Chauca et al. (2005) reported similar observations for the spray-dried sweet potato powder and mango powder, respectively. However, Moreira et al. (2009) and Abadio et al. (2004) concluded a slight decrease in the solubility of the powders could happen if the drying aids are used excessively.
Betacyanin Retention (Y 7 )
The betacyanin retention (Y 7 ) of pitaya peel powder was positively proportional to the main effects of the maltodextrin concentration and negatively affected by both main effects of inlet and outlet air temperatures (Table 2) . By having the highest F-ratio value, linear effect of maltodextrin concentration had the most profound effect on the betacyanin retention of pitaya peel powder besides the effect of spray-drying temperatures. Three-dimensional response surface plot (Fig. 1b) was drawn to visualize the interaction effect of maltodextrin concentration and outlet air temperature on the retention of betacyanin pigment in spray-dried pitaya peel powder. Higher maltodextrin concentration and lower spray-drying inlet/outlet temperatures led to less betacyanin loss during spray-drying of pitaya peel powder. The protective effect of maltodextrin on the hygroscopic betacyanin pigment was also observed by Cai and Corke (2000) .
The degradation of fruit pigments during the high spraydrying temperatures varies. Quek et al. (2007) reported that spray-drying of watermelon juice above 165°C led to inferior products due to nutrient loss; however, spraydrying temperatures higher than 180°C were not suitable for Amaranthus betacyanins pigments (Cai and Corke 2000) . Betacyanin pigment in pitaya peel powder was considered stable when spray-dried at inlet temperature of 155-175°C and outlet temperature of 75-85°C in this study.
Good betacyanin pigment retention in pitaya peel powder partly may be contributed by the usage of low dextrose equivalent (DE) maltodextrin. Rodríguez-Hernández et al. (2005) nutrient binding properties than the higher DE maltodextrin. Furthermore, low DE maltodextrin caused lower hygroscopicity of the spray-dried powders, as higher-molecular-weight maltodextrin contained longer chains and less hydrophilic groups (Cai and Corke 2000) .
Optimization Procedure for Predicting an Optimum Spray-Dried Pitaya Peel Powder Spray-dried pitaya peel powder could be considered an optimum product if the criteria applied for the optimization resulted in (1) the highest betacyanin retention, Hunter a value, and solubility and (2) the least content of moisture, aw, hygroscopicity value, and Hunter L value. Multiple response optimizations plot (Fig. 2) suggested that the optimal condition for producing spray-dried pitaya peel powder was achieved at the combined level of 165°C inlet air temperature, 80°C outlet air temperature, and 15% maltodextrin DE10. Overlaid contour plots (Fig. 3) were used in combination with the optimization plot to find the best operating conditions for producing spray-dried pitaya peel powder. The white area in the middle of Fig. 3a indicated the range of inlet air temperature and maltodextrin concentration where the criteria for both response variables were satisfied, while holding the outlet air temperature at 80°C. Under the optimum condition, the predicted responses for the formulation were: Hunter L0 66.94, Hunter a027.72, moisture content03.30%, aw00.300, betacyanin retention 087.62%, solubility 093.03%, and hygroscopicity028.21%. These predicted responses indicated that the required physico-chemical property specifications of the spray-dried peel powder were met.
Verification of the Final Reduced Models
The adequacy of the response surface equation was checked by the comparison of experimental and predicted values as shown in Table 4 . Each of the experimental value (Y 0 ) was compared with the predicted value (Y i ) calculated from the regression equations. The experimental response values were shown to be close to the predicted ones. No significant difference was found between those values for all responses [Hunter L (p00.952), Hunter a (p00.917), hygroscopicity value (p00.971), moisture content (p00.935), aw (p00.999), solubility (p0932), and betacyanin retention (p00.791)]. These observations verified the adequacy of the corresponding response surface model employed for predicting the variation of powder properties as function of the three studied independent variables.
Conclusion
Optimization of the spray-drying conditions for the pitaya peel was successfully executed using the CCD of the RSM. The powder was pink in color, high in betacyanin pigment retention, low in moisture content, and had a water activity of 0.233-0.380. Response surface analysis showed the significant (p<0.05) in all reduced models with high overall coefficient of determination value (R 2 >0.85). Empirical equations had been developed for describing and predicting the variation of each response variables studied. The linear term of maltodextrin concentration was the most significant (p<0.05) factor affecting the response variables. Outlet temperature had the least effect on the studies variables. The quadratic and interaction terms exhibited almost no significant (p>0.05) effects in most of the response variables studied. Interaction effects between factors appeared only in models fitted for the Hunter a value and betacyanin retention. The multiple response optimizations showed that the combined level of 165°C inlet air temperature, 80°C outlet air temperature, and 15% maltodextrin DE10 was predicted to provide the overall optimum parameters for the spray-drying of the pitaya peel.
